Background: With a growing proportion of the European population living in urban areas (UAs), exploring health in urban areas becomes increasingly important. The objective of this study is to assess the magnitude of differences in health and health behaviour between adults living in urban areas (UAs) across Europe. We also explored whether and to what extent such differences can be explained by socio-economic status (SES) and physical or social environment. Methods: Data were obtained from a cross-sectional questionnaire survey, performed between as part of the European Urban Health Indicator System Part 2 (EURO-URHIS 2) project. Using multi-level logistic regression analysis, UA differences in psychological distress, self-assessed health, overweight and obesity, daily smoking, binge drinking and physical exercise were assessed. Median Odds Ratios (MORs) were calculated to estimate the extent to which the observed variance is attributable to UA, individual-level SES (measured by perceived financial strains, education level and employment status) and/or characteristics of physical and social environment. Results: The dataset included 14 022 respondents in 16 UAs within 9 countries. After correction for age and gender, all MORs, except that for daily smoking, indicated statistically significant UA health differences. SES indicators (partly) explained UA differences in psychological distress, decreasing the MOR from 1.43 [95% credible interval (Cr.I.) 1.27-1.67, baseline model], to 1.25 (95% Cr.I. 1.14-1.40, SES model): a reduction of 42%. Accounting for the quality of green areas reduced the MOR for psychological distress by an additional 40%, to 1.15 (95% Cr.I. 1.05-1.28). Conclusions: Our study showed large differences in health and health behaviour between European UAs. Reducing socio-economic disadvantage and improving the quality of the neighbourhood's green spaces may reduce UA differences in psychological distress. 
Introduction

W
ith a growing proportion of the European population living in urban areas (UAs), 1 exploring health in urban areas becomes increasingly important. Urban health may differ from health in nonurban areas, because of specific characteristics of cities, such as high population density and a less healthy physical environment. Characteristics of the social environment of cities, such as the presence of social networks and support, and the higher levels of social stressors and socio-economic inequality may cause urban health to be different from health in non-urban areas. 2 Because European cities share many UA characteristics, they may be more alike in terms of health than European countries are as a whole. On the other hand, substantial heterogeneity between UAs may also be observed, due to differences in cultural, political, economic and social background. Comparable data on health across European cities remain scarce. A comparison of health between UAs in Europe may identify local health care priorities, and could thus provide a framework for evidence-based policy-making. The EU therefore commissioned an international benchmarking and monitoring project, which aimed to explore differences in health and health determinants within an urban context. This project, called the European Urban Health Indicator System Part 2 (EURO-URHIS 2) project, 3 is the first project to collect individual-level survey data on health and health determinants in a large and heterogeneous subset of European cities using a standardised methodology.
The aim of this study was to assess the magnitude of differences between adults living in UAs across Europe with regard to less than good self-assessed health, psychological distress, overweight and obesity, daily smoking, binge drinking and infrequent physical exercise. Associations were investigated to determine whether and to what extent such differences can be explained by differences in socio-economic status (SES) and in physical and social environments.
Methods
The EURO-URHIS 2 project collected data on health and health determinants among youth (aged 14-16 years) and adults (aged > 19 years) in 47 UAs throughout Europe. Data were collected using questionnaire surveys and routinely available statistics. Details of the data collection methods are described elsewhere. [4] [5] [6] In this study, only results from the adult survey data collection were used. UAs were defined based on their city administrative boundaries or on the public health administration area.
Health status and behaviour were assessed with the indicators 'psychological distress', 'less than good self-assessed health', 'overweight or obesity', 'daily smoking', 'binge drinking' and 'infrequent physical exercise'. To measure psychological morbidity, the 12-item General Health Questionnaire (GHQ-12) was used. The GHQ has been widely used as a screening instrument for depression and anxiety in community samples. 8 Answers were scored on a binary scale, with the two least symptomatic answers scoring 0 and the two most symptomatic answers scoring 1. Scores were then combined, and a cut-off value of 4 or higher identified 'cases' with psychological distress. [9] [10] [11] The indicator 'less than good self-assessed health' was measured with a single item question: 'How is your health in general?', which could be answered on a 5-point scale: 'very good', 'good', 'fair', 'bad' and 'very bad'. Answers were dichotomized into '(very) good' and 'less than good'. Overweight and obesity was defined as a BMI of !25 kg/m 2 , based on selfassessed body weight and height. 12 Smoking status was grouped into two categories: 'current daily smokers' and 'non-smokers', the latter including occasional, past and never smokers. The prevalence of heavy drinking was assessed with the question: 'How often do you drink six units or more of alcohol at once?'. A unit is defined as 10 ml or 8 g of pure alcohol. Possible responses were 'never', 'less than once a month', 'once a week', 'daily' or 'nearly daily'. Based on this question, we estimated the prevalence of binge drinking, using the definition 'at least once a week' for men and 'at least once a month' for women, in line with the definitions in the Finbalt study. 13 The frequency of physical exercise was assessed with the question: 'In your leisure time, how often do you do physical exercise for at least 30 minutes, which makes you at least mildly short of breath or perspire?' Exercise for more than two times per week was defined as 'frequent physical exercise', less than twice a week as 'infrequent physical exercise'.
To explain differences in health and health behaviour between European UAs, various indicators of SES and of social and physical environment were used. The included SES variables were highest education level attained, employment status and selfperceived financial strains (measured by the single item question 'Do you have enough money for your daily expenses?'). The indicators on social environment that were included were the number of years living in and attachment to the immediate and larger place of residence, perceived social cohesion within the neighbourhood, and the frequency of having social contacts or meeting others. Physical environment indicators were the quality of green spaces in the neighbourhood, and exposure to noise and proximity to traffic.
Because of the hierarchical structure of the data (individuals within UAs), we used multilevel logistic regression models with random intercepts for each UA to assess whether and to what extent areas differed from each other, before and after adjustment for age and gender. Separate sets of coherent explanatory variables were added to the empty model, resulting in a model adjusted for age and gender (model 1), a model adjusted for age, gender and SES (model 2), and four models adjusted for age, gender, SES, and consecutively, including indicators on neighbourhood attachment and social cohesion (model 3), social contacts (model 4), quality of green spaces (model 5), and noise and traffic (model 6). We expected the association between SES and health to differ between younger and older respondents, and therefore, performed additional analyses for the separate age groups 19-64 years and 65+ years, without the indicator 'unemployment' in the latter age group.
The magnitude of UA differences was assessed by calculating median odds ratios (MORs), which quantify the variation between UAs by comparing two persons from two randomly chosen, different areas. It shows the extent to which the individual probability of having poor health (or risk behaviour) is determined by UA. If the MOR is 1, there is no UA-level variation; a high MOR indicates considerable variation.
14, 15 The contribution of explanatory factors to area differences was assessed by reductions in the MOR. The MOR was computed with the following formula 16 :
Models were fitted with the marginal quasi-likelihood (MQL) procedure, followed by a second order predictive quasi-likelihood (PQL) procedure, using the statistical package MLwiN 2.24. Furthermore, 95% credible intervals (Cr.I.) were determined by using the posterior distribution of the UA variance as provided by the Markov Chain Monte Carlo (MCMC) procedure. 17 
Results
The total dataset contained 14 022 respondents in 16 UAs within 9 countries. The mean age of the sample population was 57.5 years (range 54.6 in Bistrita-62.5 years in Greater Manchester); 48% were male (Table 1) .
Socio-economic characteristics of the UAs are described in Appendix Table A1 . The highest level of attained education varied considerably. Overall, the percentage of respondents with a university education was 45%, but this ranged between 25% in Maribor to 72% in Montpellier. The percentage of respondents . Financial strains were perceived by 21% of the respondents on average; the percentage ranging from 5% in Oslo to 61% in Bistrita. UA differences in social and physical environment characteristics are also shown in Appendix Table A1 . The prevalence of poor health and risk behaviour in each UA is shown in Table 2 . The largest UA differences were observed in less than good self-assessed health, ranging between 21% in Oslo to 63% in Siauliai (average: 36%). UAs within one country appeared to be more or less comparable in terms of health and health behaviour, and in general, within-country differences were much smaller than between-country differences. The French UAs, for instance, were the cities with the lowest prevalence of psychological distress and binge drinking, whereas both the Lithuanian UAs scored highest on psychological distress and less than good self-assessed health. The UK UAs, together with Oslo, were the cities with the highest prevalence of binge drinking.
Multilevel logistic regression analyses showed substantial between-area differences in the probability of psychological distress (MOR = 1.43; 95% Cr.I. 1.27-1.67), self-assessed health (MOR = 2.18; 95% Cr.I. 1.68-3.16), overweight and obesity (MOR = 1.44; 95% Cr.I. 1.28-1.69), binge drinking (MOR = 1.89; 95% Cr.I. 1.53-2.57) and physical exercise (MOR = 1.45; 95% Cr.I. 1.28-1.72) ( Table 3 , baseline model). Between-area differences in daily smoking were smaller (MOR = 1.09, 95% Cr.I. 1.03-1.17). Table 3 also shows the associations between individual-level SES and outcomes. In general, SES indicators were significantly associated with health and health behaviour. Moreover, SES indicators were more strongly associated with poor health or risk behaviour (except for binge drinking) than urban area, but the specific SES indicator to correlate most strongly differed according to the health outcome. For instance, psychological distress was most strongly related to financial strains (OR = 3.01; 95% C.I. 2.71-3.36), whereas overweight/obesity and physical activity were most strongly associated with attained education level [OR for overweight and obesity: 1.54 (95% C.I. 1.34-1.78), OR for infrequent physical activity 1.64 (95% C.I. 1.43-1.88)].
Despite the strong correlations between individual-level SES variables and outcomes, adding SES to the model did not significantly reduce the MORs for less than good self-assessed health, overweight and obesity, binge drinking, daily smoking and irregular physical activity, suggesting that SES could not explain UA differences (Table 3) . However, SES indicators did explain 42% of the UA heterogeneity in psychological distress (the MOR dropped from 1.43 (95% Cr.I. 1.27-1.67) to 1.25 (95% Cr.I. 1.14-1.40). Most of this reduction was attributable to the percentage of respondents reporting financial strains.
Appendix Table A2 shows the associations between physical and social environment and health outcomes. Adding these indicators to the models did not explain the UA differences in self-assessed health, overweight and obesity, binge drinking, daily smoking and irregular physical activity, but indicators on the quality of green spaces reduced the UA differences in psychological distress by another 40% (that is, after adjustment for SES), to a MOR of 1.15 (95% Cr.I. 1.05-1.28).
Separate analyses for the age groups 19-64 and 65+ also showed large UA differences in health and health behaviour and strong associations with SES indicators (data not shown). Similar to the a: Percentages were calculated using weighted data, based on the observed age and gender distribution in each urban area. Abbreviations: GHQ: General Health Questionnaire.
total dataset, SES and the quality of green spaces could only explain differences in psychological distress.
Discussion
Our study showed statistically significant urban area differences in self-assessed health, psychological distress, overweight and obesity, binge drinking and physical exercise. In general, individual-level SES was more strongly related to poor health and risk behaviour than UA or social and physical environment. Despite strong correlations between SES variables and health outcomes, SES could not explain the observed UA differences in self-assessed health, overweight and obesity, binge drinking and exercise. Differences in psychological distress, however, were reduced by 42% after adjusting for SES indicators. UA differences in psychological distress dropped by another 40% if the quality of green spaces was accounted for. Other indicators on social and physical environment did not explain UA health differences. A previous study by Gray et al. compared a relatively large number of European UAs and also found large differences in obesity and selfassessed health, that were not attenuated by individual socioeconomic circumstances. 18 In contrast to our findings, SES could not explain urban area differences in psychological distress, but this could be related to the choice of indicator. That is, Gray et al. measured SES by highest education level attained and occupationbased social class, whereas our study showed that the SES indicator 'perceived financial strains' was important in explaining UA differences in psychological distress.
Negative associations between quantity of green areas and psychological distress have been shown before [19] [20] [21] but as far as we are aware, no previous study has aimed to explain differences in mental health caused by green environment. Possible mechanisms for the relation between green areas and psychological distress may be that green spaces facilitate recovery from stress, stimulate physical activity and promote social contact. 22 
Interpretation
The finding that UA differences in self-assessed health, overweight and obesity, binge drinking and exercise could not be explained by any of the determinants included in our study implies that there must be other reasons why health outcomes vary between UAs. Because the data showed that UAs within a country often have a comparable prevalence of poor health and unhealthy lifestyle, it may be possible to explain these at a country rather than UA level. Reasons may be that countries have specific cultural, social, biological/genetic characteristics, or health care and social systems which cause health to be better/worse in one country as compared with others. Aggregated country-level SES or political and historical country characteristics may also explain UA differences. Eikemo, for instance, found that 10% of the observed variation in health between European countries was associated with national welfare state characteristics. 23 Future research is needed to explore the reasons for differences in health outcomes between UAs.
Our study is the first to compare health data between a relatively large number of European UAs, collected using uniform methods of sampling and recruitment. Such data are relevant, because health in UAs is different from health in the whole country. 24 The data gives local, national and continental perspectives on health and health behaviour. Another advantage of our study is the use of multilevel modelling which takes the hierarchical structure of the data into account.
The study had several limitations. First, the data were crosssectional and, consequently, did not allow for studying causality in observed associations. Second, several UAs had response rates lower than 50%. Because non-responders are generally thought to have worse health and unhealthier lifestyles than responders, differences in response rates may have affected comparability of UAs. By excluding UAs with response rates lower than 25%, we increased the likeliness that UAs were comparable. A further limitation of our study may be that, by including many UAs across Europe, some questionnaire answers may have been influenced by culturally bound perceptions, meanings or judgements. For instance, the self-reported measures of health that were used in this study should not be seen as objective measures of health per se, but solely as an indicator of own health status perception. Furthermore, the independent variables examined were only measured once, and were based on self-reports, which may have resulted in biased responses.
Conclusion
Our study showed that European UAs largely differ considerably in health and health behaviour, but did not cover heterogeneity within Area differences are indicated by the MOR with 95% Cr.I., using the posterior distribution of the area variance as provided by MCMC procedure in MLwiN. Odds ratios (ORs) express the likelihood of poor health or an unhealthy lifestyle and are adjusted for age and gender (except for the crude model). * P value < 0.05 if tested one-sided, based on a V 2 distribution with 1 degree of freedom.
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European Journal of Public Health cities, which may be even larger. Future research should therefore address intra-urban health differences across Europe, and identify neighbourhoods or risk groups that need special consideration in urban health policy making. The observed relationship between individual-level SES indicators and health, and the finding that SES, in particular material adversity, explains UA heterogeneity in psychological distress illustrates the importance for policy to prioritise persons with financial strains. Because low SES was a stronger determinant for poor health than UA, socio-economically disadvantaged groups need special attention in European health policy as well. Our study also contributed to the evidence that creating or improving urban green space has the potential to reduce psychological distress in those urban areas with high prevalence of mental health problems. Our study showed large differences in psychological distress, self-assessed health, overweight and obesity, binge drinking and physical exercise between European UAs. Lowering socio-economic disadvantage and improving the quality of the neighbourhoods' green spaces may reduce UA differences in psychological distress. a: Percentages were calculated using weighted data, based on the observed age and gender distribution in each urban area.
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Appendix Table 2 Urban area differences in health and health behaviour (MORs) and associations with social and physical environment 
